Nasopharyngeal carcinoma (NPC) is a commonly occurring tumor in southern China and Southeast Asia. The current study focused on developing an extensive analysis method for the peripheral and integral proteins of NPC cell line HNE1. The peripheral membrane proteins were extracted by biotinylated enrichment, 0.1 M Na 2 CO 3 , and H 2 O. Integral or total plasma membrane fractions were prepared using 30% Percoll density grade centrifugation with or without 0.1 M Na 2 CO 3 treatment and evaluated by Western blot analysis. The proteins were subjected to two-dimensional electrophoresis combined with tandem mass spectrometry, sodium dodecyl sulfate-polyacrylamide gel electrophoresis combined with tandem mass spectrometry, and shotgun analysis. We identified 371, 180, and 702 proteins from peripheral, integral, and total plasma membrane fractions, respectively. In all, 848 non-redundant proteins (534 groups) were identified. Binding, catalytic, and structural molecules were the major classes. In addition to the known cell surface markers of NPC cells, the analysis revealed 311 proteins involved in multiple cell-signaling pathways and 25 proteins in disease pathways that are characteristic of cancer cells. By searching the Differentially Expressed Protein Database (http://protchem.hunnu.edu.cn/depd/index.jsp), 199 proteins were found to be differentially expressed in previous cancer proteome research. A 671 protein-protein interaction network was obtained, including 178 identified proteins in this work. The plasma membrane localization of five proteins was confirmed by immunological techniques, validating this proteomic strategy. Our study could offer some help for understanding the molecular mechanism of NPC.
Nasopharyngeal carcinoma (NPC) is a malignancy with high incidence in southern China and Southeast Asia [1] . Patients with NPC tend to present at an advanced stage of disease because the primary anatomical site of tumor growth is located in a silent area, and the tumors show a high metastatic potential [1−3] . Previous studies [3−6] have found that NPC might be related to Epstein-Barr virus infection, certain environmental conditions, some genetic factors, and diet (e.g., nitrosamine and nitrite intake). However, the molecular basis for NPC is not fully understood. Therefore, it is very important to study the molecular mechanism and look for a rapid diagnostic assay for early detection and treatment of NPC.
NPC cell lines have long been used by researchers as model systems for understanding the disease process itself [6, 7] . In proteomic research, direct measurement of protein expression and regulation in cancer cells has become a goal, the successful attainment of which could lead to a more fundamental understanding of the factors that lead to the onset and progression of nasopharyngeal cancer, thus to more effective diagnostic procedures and the identification of potential therapeutic targets. HNE1, one of the widest-used NPC cell lines bearing wild-type p53 [8] , was used as a model for proteomics research in this work.
The cell surface membrane is of substantial interest with regard to various aspects of disease, from molecular diagnosis to therapeutics. Numerous cell surface proteins represent therapeutic targets. For example, the discovery
Materials and Methods
Materials RPMI 1640, trypsin, and penicillin/streptomycin were obtained from Invitrogen (Carlsbad, USA). Fetal bovine serum was purchased from Tianjing Blood Institute (Tianjing, China). EZ-Link TM Sulfo-NHS-LC-Biotin and ImmunoPure Monomeric Avidin kits were from Pierce (Rockford, USA). Proteomics Sequencing Grade trypsin, dithiothreitol, iodacetamide, trifluoroacetic acid, HEPES, 1-(4-trimethylammoniumphenyl)-6-phenyl-1,3,5hexatriene p-toluenesulfonate, and Na 2 CO 3 were obtained from Sigma-Aldrich (St. Louis, USA). Acrylamide, bisacrylamide, urea, glycine, Percoll, Tris and sodium dodecyl sulfate (SDS) were from GE (Solon, USA). Centricon YM-3 columns and Immobilon-P polyvinylidene difluoride membranes were purchased from Millipore (Bedford, USA). Bio-Rad DC protein assay kit was from Bio-Rad Laboratories (Hercules, USA). Anti-NADH ubiquinol oxydoreductase 39, anti-fibrillarin, anti-valosin-containing protein (VCP), and anti-non-metastatic 23 (nm23) were from Abcam (Cambridge, UK). Anti-keratin 8 and antiheat shock protein 70 were from Lab Vision (Fremont, USA). Anti-human galectin-1 was from Cytolab (Rehovot, Israel). Anti-flotillin immunoglobulin G (IgG) monoclonal antibody and horseradish peroxidase-conjugated antimouse IgG were obtained from BD Biosciences (San Jose, USA). LumiGLO Chemiluminescent Substrate and fluorescein-isothiocyanate-conjugated or tetramethylrhodamine isothiocyanate-conjugated goat anti-rabbit or mouse IgG were from KPL (Gaithersburg, USA). HPLCgrade acetonitrile and acetone were from the Chinese National Medicine Group, Shanghai Chemical Reagent Company (Shanghai, China). Water was obtained from an Aquapro purification system (Chongqing, China). All other reagents were of analytical grade.
Cell culture
The HNE1 cell line was provided by the Cancer Research Institute of Xiangya Medicine College, Central South University, Changsha, China. The cells were cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum, 200 U/ml penicillin, and 100 U/ml streptomycin in a watersaturated, 5% CO 2 atmosphere at 37 ºC in 75 cm 2 flasks.
Preparation of peripheral proteins
Immunoaffinity enrichment and direct extraction were used to extract cell peripheral proteins. The immunoaffinity enrichment method presented here consisted of: (1) in situ biotinylation of surface proteins on intact cells using the membrane-impermeable reagent sulfo-NHS-LC-biotin, (2) extraction of peripheral proteins, and (3) affinity capture of the biotinylated proteins with avidin [11] [12] [13] . Direct extraction was carried out as follows. Cells in 75 cm 2 flasks were washed twice with RPMI 1640, and twice with phosphate-buffered saline (PBS), and then the cell surface proteins were extracted directly with 0.1 M Na 2 CO 3 or H 2 O. The change in cell morphology was observed microscopically. The extraction was stopped when the cell membranes were about to break.
Preparation of PM and integral PM
The PM was isolated as previously described [14, 15] . All steps were carried out at 4 ºC. Briefly, adherent cells (2×10 8 ) were washed three times with PBS, scraped using a plastic cell lifter, and broken using a glass homogenizer. For integral PM proteins, the post-nuclear supernatant was treated with 0.1 M Na 2 CO 3 for 30 min, then the postnuclear supernatant with or without 0.1 M Na 2 CO 3 was diluted with 100% Percoll to make a 30% Percoll solution, then centrifuged at 84,000 g for 30 min using an SW-41 rotor (Beckman, USA). Fractions of 1.0 ml (typically 13 fractions in total) were collected from the top of the gradient. To characterize the contents of these subcellular fractions, all fractions (1 μl sample) were analyzed by Western blot with antibodies against known molecular markers for several organelles, flotillin for the PM, NADH ubiquinol oxydoreductase 39 for the mitochondrial apparatus, and fibrillarin for the nucleus. Fractions 2 and 3 (a visible band) containing flotillin but less NADH ubiquinol oxydoreductase 39 or fibrillarin were precipitated with acetone and represented the PM. The 0.1 M Na 2 CO 3 treated sample was named the integral PM protein.
Gel separation, in-gel digestion, and mass spectrometry analysis
These experiments were carried out according to our previous reports [16] [17] [18] [19] [20] [21] .
Data analysis and bioinformatics
Perl software (http://www.perl.com/download.csp) was written to pick up significant hits from Mascot output files (html files) into tab-delimited data files suitable for subsequent data analysis as described in a previous report [21] . The molecular weight, score, and peptides matched were included. The protein location and function, such as the pathway, were obtained through a Gene Ontology (GO) database search (http://www.geneontology.org/). Furthermore, the protein accession numbers from Swiss-Prot (http://expasy.org/sprot/) were searched against the Differentially Expressed Protein Database (DEPD; http:// protchem.hunnu.edu.cn/depd/index.jsp) (data not shown).
Protein-protein interaction (PPI) network
To create the PPI network, we searched against the local BIND database (version 2.0) [22] using proteins we identified as input. The network file was created by our Proteomics Profile Analyzer and drawn by Pajek software (version 1.21) (http://vlado.fmf.uni-lj.si/pub/networks/ pajek).
Immunocytochemistry and fluorescence microscopy
Cells were washed with PBS, fixed with 4% paraformaldehyde/PBS for 15 min, and permeabilized with acetone/methanol (1:1) at room temperature for 30 s. Cells were washed with PBS four times and blocked by exposure to PBS buffer containing 5% normal goat serum for 30 min. The cells were incubated with primary antibodies for 1.5 h at room temperature. Dilutions of primary rabbit or mouse antibodies were: Na + /K + -ATPase, nm23, human galectin-1 and VCP, 1:250; keratin 8, 1:150; and heat shock protein 70, 1:70. After rinsing with PBS, cells were incubated with fluorescein-isothiocyanateconjugated or tetramethylrhodamine isothiocyanateconjugated goat anti-rabbit or mouse IgG (KPL) diluted 1:1000 in 1% normal goat serum in PBS. Some slides were stained by 1-(4-trimethylammoniumphenyl)-6phenyl-1,3,5-hexatriene p-toluenesulfonate. All slides were viewed with a Zeiss Axioskop2 Plus fluorescence microscope (Carl Zeiss, Jena, Germany) and digitized images were processed using AxioVision 3.1 software (Carl Zeiss).
Results

Profiling the peripheral PM proteome enriched by biotinylation
According to the study by Peirce et al [13] , biotin could penetrate to the inner membrane and result in the contamination of cytoplast proteins. So in this research, we collected cell peripheral protein from intact cells after the cells were biotinylated [ Fig. 1(A,B) ].
Profiling the peripheral PM proteome enriched by Na 2 CO 3 or H 2 O treatment
Although the biotinylation-affinity method is a classical method for extraction of cell surface proteins, it has some limitations. Only those proteins with lysine residues exposed on the cell surface can be labeled by the biotinylation reagent [23] . So, in our study, we also explored two convenient ways to obtain more peripheral PM proteins on the basis that these proteins dissolve easily in water and high salt solution. We used 0.1 M Na 2 CO 3 or H 2 O for extraction. It was found that they can extract peripheral PM proteins with intact cells [ Fig. 1 (C-E)]; these proteins were used for proteomics analysis.
Preparation of PM
Thirty percent Percoll was used as the medium for PM separation in our research. After ultracentrifugation, the fractions were dotted to polyvinylidene difluoride membranes, and analyzed using organelle-specific antibodies. Fractions 2 and 3 containing flotillin (a PMspecific marker) but less NADH ubiquinol oxydoreductase 39 (mitochondrial-specific marker) and no fibrillarin (nucleus-specific protein), were pooled for proteome analysis (Fig. 2) . A relatively pure PM was obtained and used for all subsequent proteomics investigations.
Preparation of integral PM proteins
In order to enrich integral PM proteins, we treated the post-nuclear supernatant with Na 2 CO 3 at a final concentration of 0.1 M. Similarly, PM-enriched fractions 2 and 3 were pooled and used for integral PM protein analysis (data not shown).
Overview of peripheral, integral, and total PM protein separation and identification
The peripheral, integral, and total PM proteins of NPC cells were extracted into complementary protein populations, separated and identified by SDS-polyacrylamide gel electrophoresis (PAGE)-MS/MS, 2DE-MS/MS or shotgun, as depicted in Fig. 3 . Representative 1DE and 2DE are shown in Fig. 4 . Such extensive fractionation will aid the identification of proteins with low expression levels and provide information relevant to function. In addition, we used different strategies to improve the success rate of protein identification by MS.
Three complementary subproteomes were generated, including: (1) a cell peripheral PM subproteome [ Fig. 3 (A) and Fig. 4(A) ], (2) the total PM proteome [ Fig. 3(B) and identified (data not shown), of which 371 proteins were from peripheral PM fractions, 702 from total PM fractions, and 180 from integral PM fractions. Only 76 proteins were identified as present in all three kinds of fractions ( Fig.  5) . For the 371 peripheral PM proteins, 277 were from Na 2 CO 3 extraction, 103 from H 2 O extraction, and 83 from the fraction enriched by biotinylation. Among the 702 proteins identified from the PM fraction, 54 were identified by 2DE-MS (some protein spots are marked in Fig. 4) , 354 by high capacity trap, and 518 by SDS-PAGE-MS ( Table 1) . When a protein was identified by several methods, only the protein identification information with the highest score was picked. This includes the protein names, molecular weight, function, and location of the protein according to GO annotation.
Although some proteins were identified by only a single peptide, 72% of the proteins contributed by electronic spray ionization quadrupole-time of flight mass spectrometer were identified by two or more peptides at the 95% confidence level (P<0.05); for proteins identified by shotgun, 96% of proteins were identified by two or more peptides at the 95% confidence level (P<0.05). For those proteins identified by only one peptide, the MS/MS profile was checked manually; only proteins identified by peptides with continuous three Y or B ions were selected. For 54 proteins identified by matrix-assisted laser desorption ionization-time of flight-time of flight (MALDI-TOF-TOF), all were analyzed by PSD with at least one peptide. Most were overlapped with those from other methods, except that two proteins for only protein spots with high abundance were cut and identified in this work (data not shown).
Physicochemical characteristics of the identified proteins
The analysis of identified proteins by the TMHMM program (http://www.cbs.dtu.dk/services/TMHMM/ TMHMM2.0b.guide.php) predicted transmembrane (TM) segments for four proteins (1.1%) from the peripheral fractions, 45 (6.3%) from the PM fractions, and 18 (10.0%) from the integral fractions that had molecular characteristics typical of integral membrane proteins. The number of TM domains in the molecules ranged from one (41 proteins) to 10 (one protein) (data not shown). Because peripheral proteins are soluble and loosely combined with integral membrane protein or phospholipid, the methods for peripheral protein extraction presented here yielded only 1.0% proteins with TM regions, indicating that the method was efficient. Furthermore, because 20%−30% of all open reading frames encoded by the genome have been predicted to be integral membrane proteins [24, 25] , the method for integral membrane extraction presented here concentrated potential TM proteins not very efficiently.
To validate the present procedure, the subcellular locations of the identified proteins were categorized according to the universal GO cellular component annotation. Four hundred and eighty (56.4%) proteins had a GO annotation for cellular component or cellular locations, of which 168 (35%) were PM or PM-related proteins. The proteins annotated as intermediate filament, cytoskeleton, and membrane were also considered as PM or PM-related proteins. The remaining proteins were localized primarily to intracellular region (20%) or cytoplasm (23%), as shown in Fig. 6 . Mitochondrial, and nuclear proteins were also identified, perhaps due to other organelles in close contact with the PM, or the existence of proteins at more than one site in the cell. Of course, during sample preparation, some intracellular or cytoplasmic proteins were extracted, with peripheral, PM, and integral PM proteins collected by acetone precipitation.
Characterization of cell surface proteins
Functional classification The molecular functions of the proteins identified in this study were classified according to the GO database ( Fig. 7) . Proteins with binding activity were the largest subgroup in all fractions, consisting of 45%, 41%, and 47% of total identified PM, peripheral, and integral proteins, respectively. Compared with this ratio in all identified proteins (44%), the ratio in integral PM fractions was 3% higher, and that in peripheral PM fractions was 3% lower. This group included many important proteins such as CD68 antigen variant, a widely used marker for cancer detection [26, 27] , alkaline phosphatase, T-complex protein 1 (gamma subunit), putative S100 calcium-binding protein, and calmodulin. Proteins with catalytic activity were the second-largest subgroup. The ratio of catalytic activity protein to total protein was highest in the peripheral PM fraction of the three fractions (total PM, peripheral, and integral PM). In all, 220 such proteins were identified, including 4F2 cell surface antigen heavy chain (also named CD98 antigen), splice isoform 1 of 3-hydroxyacyl-CoA dehydrogenase type II, and migration inhibitory factor protein. The CD98 antigen involved in cell growth is up-regulated in oral squamous cell carcinoma and might have an important role in the early stages of multistep oral carcinogenesis [28] . Another major category was structural proteins (24% of the 848 identified proteins). This study also identified five kinds of other functional proteins, including enzyme regulator activity proteins, transporters, and antioxidant molecules. Approximately 10% (85 proteins) had no annotated functions and, therefore, were classified as unknown. Through prediction, we found that many new proteins might play important roles in cell function. For example, hypothetical protein FLJ16459, International Protein Index (IPI) accession No. IPI00442122 (http:// apr2005.archive.ensembl.org/IPI/), is an unknown protein with 71% similarity to tropomyosin 2 beta that plays a central role in the calcium-dependent regulation of vertebrate striated muscle contraction. Hypothetical protein FLJ46846 (IPI00418700) is a protein with 78% similarity to neuroblast differentiation-associated protein AHNAK, required for neuronal cell differentiation. Hypothetical protein FLJ32377 (IPI00387164) is 84% similar to ubiquitin C that acts as an E3 ubiquitin-protein ligase and accepts ubiquitin from specific E2 ubiquitinconjugating enzymes. Hypothetical protein (IPI00604713) is 89% similar to CKAP4 protein, a cell surface protein with binding activity. Hypothetical protein FLJ27077 (IPI00442522) is 94% similar to L-lactate dehydrogenase A chain, whose defects cause exertional myoglobinuria. Cell-signaling molecules The 311 proteins identified are involved in 91 kinds of pathways. Of these, 126 nonredundant proteins have potential roles in many cell-signaling pathways, including 37 cell communication molecules and 22 calcium-signaling pathway proteins (data not shown). Among these signaling molecules, many proteins with roles in multiple pathways were found, such as transforming protein Ras homolog gene family, member A variant, and titin. We found four proteins of the CD44 gene (CD44 antigen, CD44 antigen precursor, hypothetical protein DKFZp451K1918, and splice isoform CD44 of the CD44 antigen precursor). CD44 antigen is involved in the extracellular matrix receptor interaction pathway. It is a protein up-regulated in many tumor cells [29, 30] and serves as a marker for many cancers. Proteins involved in disease pathways The cell surface membrane is a subcellular component of substantial interest in regard to various aspects of disease, from molecular diagnosis to therapeutics. Through the KEGG search, we found nine disease pathways (25 non-redundant proteins) including Huntington's disease (eight proteins), cholera infection (eight proteins), Parkinson's disease (four proteins) , pr ion di seas e (t hr ee proteins) , and neurodegenerative disorders (three proteins) ( Table 2) . For example, clathrin heavy chain 1 (IPI00024067) is a very important PM protein involved in the Huntington's disease pathway. It is the major protein of the polyhedral coat of coated pits and vesicles, and was found to have increased expression in a neck and head cancer cell line [31] . Calmodulin (IPI00075248), another very important PM protein, was found to be involved in Huntington's disease. Calmodulin plays a role in the calcium signaling pathway, the phosphatidylinositol signaling system, and insulin signaling pathway, and was found to be expressed differentially in many cancer cells [32, 33] . Proteins found in DEPD Apart from this general function research, we analyzed protein function through DEPD, a database including 3000 differentially expressed proteins manually extracted from published reports, largely from studies of serious human diseases including lung cancer, breast cancer, and liver cancer [34] . A total of 199 proteins differentially expressed in cancer were found (data not shown), including proteins involved in breast, prostate, brain, liver, stomach, colon, blood, kidney, and vein cancer. Many proteins were found to be up-regulated in different cancers, for example, T-complex protein 1, delta subunit (up-regulated in breast cancer), prohibitin (up-regulated in gliomas), annexin V (up-regulated in colorectal, pituitary, colon, vein, stomach, and skin cancer), and pyruvate kinase 3 isoform 1 variant (upregulated in breast, kidney, pancreas, colon, blood, and breast cancer). Splice isoform 1 of heat shock cognate 71 kDa protein, found in total PM, peripheral PM, and integral PM protein fractions, is a very important cell surface protein involved in many cancers such as colon, breast, liver, thymus, blood, lung, prostate, and womb cancer. Furthermore, other proteins were also found that were down-regulated after treatment with anti-cancer drugs, such as tubulin-specific chaperone A and phosphatidylethanolamine-binding protein. Some of these proteins identified by 2DE-MS/MS are shown in Fig. 4 . PPI network Networks of protein interactions mediate many cellular responses to environmental stimuli and direct the execution of developmental programmers. Each protein typically interacts and reacts with interacting partners to execute its functions. Two essential questions that concern us are how proteins coming from other subcellular organelles interact with PM proteins, and how PM proteins interact with each other (such as integral membrane proteins with peripheral membrane proteins). To investigate these issues, we searched the BIND database, the largest database for protein interaction, against proteins we identified as seeds. As shown in Fig. 8 and Table  Accession 3, 178 seed proteins were involved in 671 interactions with 345 other proteins or small molecules. In the network, all seed proteins are grouped into seven categories based on the fractions of sample (peripheral and/or integral and/ or total PM), and are shown in different colors. The topology of the network suggests that some proteins inter- To be continued act with many partners, such as calmodulin (spot1, IPI00075248), MIF protein (spot39, IPI00293276), and voltage-dependent anion-selective channel protein 1 (spot96, IPI00216308) interacting with 28, 4, and 2 proteins, respectively.
As shown in Fig. 8 , several proteins identified from peripheral, integral, and PM fractions interact with paxillin (spot51, gi|27735219), a cytoskeletal protein (http://www. expasy.org/uniprot/P49023), and calnexin precursor (spot98, IPI00020984) interacts with calreticulin precur- These interacting proteins usually have very important functions in the PM. For example, voltage-dependent anion-selective channel protein 1 (spot96, IPI00216308) interacts with two partners and forms a channel through the PM, which participates in the formation of the permeability transition pore complex responsible for the release of mitochondrial products that trigger apoptosis [35] . Caveolin-1 (spot134, IPI00009236) interacts with nine partners, including G-protein alpha subunits, and acts as a scaffolding protein within caveolar membranes (www. expasy.org, Q03135). In summary, this PPI analysis highlighted many important membrane proteins as well as interactions between them.
Immunocytochemistry analysis
To further validate the present procedure, the subcellular localizations of five proteins with annotated localization on cytoplasm or nucleus were studied by immunocytochemistry in HNE1 cells. These were galectin-1, nm23, and keratin 8, annotated to be cytoplasmic proteins, and heat shock protein 70 and VCP, annotated to be nuclear and cytoplasmic proteins. Immunofluorescence experiments using mouse anti-galectin-1, anti-nm23, anti-keratin 8, anti-VCP, and anti-heat shock protein 70 showed that they were widely distributed in PM and confirmed their identification ( Fig. 9 ).
Discussion
Organelle proteomics, which is being used increasingly to analyze cellular fractions, is advantageous in two respects. One is the decreased complexity of the samples to be analyzed and the other is the information provided on the subcellular localization of protein components. Unfortunately, such analysis has never been reported in NPC research. In this paper, we have attempted to characterize PM proteins based on the construction of the PM and their extractability under three different treatment conditions. One of our goals was to develop a methodology to categorize peripheral, integral, and total PM proteome. In this work, peripheral proteins were enriched by Na 2 CO 3 , H 2 O, and biotinylation. During their extraction, the cells were intact by microscopic observation, so as to decrease contamination by intracellular proteins. Highly purified PM and integral PM were obtained by Percoll density gradient centrifugation and verified by Western blot analysis. The proteins were separated and identified by different methods, including 2DE-MS/MS, 1DE-MS/ MS, and shotgun. From our analysis, using a set of stringent identification criteria (e.g., for MALDI, peptide mass fingerprinting, 50 ppm, lift, 0.5 Da; and for ESI, MS, 0.6 Da; and for MS/MS, 0.3 Da) according to previous reports [16−21] , we identified 848 non-redundant proteins. This is the first comprehensive proteomic study of NPC cell surface proteins.
In this study, approximately 36% of proteins were annotated to be proteins from other organelles, in spite of the stringent experiment control of PM preparations. To further validate our results, five proteins that were annotated to locate on cytoplasm or nuclear membrane, were confirmed to be at multiple locations, including PM, by immunocytochemistry. So our results indicated that some of these annotated contaminating proteins might potentially be cell surface components. However, it was still difficult to distinguish them from contamination, because intracellular proteins might penetrate to extracellular sites and be extracted as peripheral proteins. So it was necessary to develop new methods to separate and verify PM proteome.
This research provides new directions for studying the molecular mechanisms of NPC, including not only new experimental methods, but also new methods for the discovery of protein function. The protein functions were studied in five ways: (1) functional classification; (2) cellsignaling molecules; (3) disease pathways; (4) DEPD searching; and (5) PPI analysis. We profiled not only the functional distribution of cell surface proteins, but also a complex PPI network. We found many important proteins, including CD68 antigen variant and CD44 antigen. Through searching DEPD, we found 199 proteins differentially expressed in cancer. Although DEPD is not a comprehensive database, it is the only database available for differential proteome research. In any case, many cancer-related PM proteins were found in this research. To our knowledge, this study has constructed the first PPI network of NPC cell surface proteins. These cell surface proteins are connected to each other by shared components. The network that resulted is a topological description of the cell surface proteome. It is expected that this might provide drug discovery programs with a molecular context for the choice and evaluation of drug targets.
In summary, we isolated three cell surface fractions, peripheral, integral, and total PM proteins. For the first time, we have provided a proteome-wide analysis of the PM in NPC by using a combination of subcellular separation and proteome identification, and constructed the first PPI network in NPC PM. A comprehensive understanding of the proteome of NPC could help elucidate how cells fulfill their biological function in a context of a biological system. Cell surface interaction mapping of NPC can contribute to an understanding of how proteins carry out their functions at the cell surface. Differences in protein expression patterns between different cells as well as changes occurring during disease are of great interest in experimental medicine for diagnosis and treatment. The technology described here could help exploit such possibilities in the future.
